Quantitative and qualitative features are presented for 13 collections of 8 species of Ascarina. Wood anatomy is maximally primitive in most respects; moderate exception occurs in the imperforate tracheary elements, which range from tracheidlike (A. solmsiana) to fiber-tracheids (septate in two species). Perforation plates are scalariform, average more than 100 bars per plate, and have bordered bars. Even more significantly, portions of the primary walls in perforations characteristically fail to dissolve; these pit membrane portions range from nearly intact (much like the pit membranes in pits on end walls of tracheids of vesselless dicotyledons) to remnant strands or flakes. Dissolution of pit membranes in perforations is apparently inhibited by deposition of resinlike substances in some species; the rugose surfaces formed by these deposits may account for a report of vesturing on vessel walls of Ascarina. Axial parenchyma is diffuse, with only very small expressions of diversification; apotracheal banded parenchyma is, however, present in A. swamyana. Wood of Ascarina is highly mesomorphic. With age of plant, vessels increase in diameter, vessel elements and fiber-tracheids increase in length, and rays become wider and have a higher proportion of procumbent cells; uniseriate rays decrease in abundance. The implications of wood anatomy data on generic distinctions within the family and on the systematic position ofChloranthaceae will be examined when monographs on woods of the other genera have been completed.
INTRODUCTION
The genus Ascarina is composed of 13 species at present. The Madagascan species, A. coursii (Humb. & Capuron) Leroy & Jeremie, was formerly recognized under the genus Ascarinopsis, but is now considered the sole species of section Mascarina (Jeremie 1980) . The remaining species occur in the Pacific, and have an insular distribution that extends from the Philippines (A. philippinensis C. B. Rob.) in the north to New Zealand (A. Iucida Hook f.) in the south; the range terminates eastwards in the Marquesas (A. marquesensis A. C. Smith) and Tahiti (A. polystachya J. R. & G. Forst.). The monograph by Swamy (1953b) has been supplanted by that of Smith (1976) ; since Smith's monograph, a New Guinean species, A. subsessilis Verdcourt, has been added (V erdcourt 1985) . The nomenclatural changes offered by Smith (1976) have been accepted here.
Wood of Ascarina was studied by Thierry (1912) and by Swamy (1953a) . Although Swamy (1953a) figures wood of"A. lanceolata Hook. f." (probably A. diffusa A. C. Smith in current nomenclature), he does not reveal if any other species of the genus were studied with respect to wood anatomy; his data are expressed only in terms of the genus. Detailed data on wood anatomy are available for A. Iucida thanks to the work of Patel ( 197 5) and Meylan and Butterfield (1978) , and therefore I have not included that species in the present study. The data of these authors for A. Iucida reveal no features not observed in the material of the species studied here. In fact, no strongly marked differences of a taxonomic nature-only a feature or two at best-differentiate the species of Ascarina from each other with respect to wood anatomy. Differences can be observed among the wood samples studied, but these mostly prove to be related to ontogenetic change in wood features, for the samples differ in size and therefore maturity of wood features. Few if any features by which the wood samples differ from each other reflect distinctions in ecology. One must characterize the genus as a whole as typical of wet forest, particularly cloud forest. I have observed A. rubricaulis Solms in open areas at margins of the cloud forest in New Caledonia, but water availability in those places probably differs but little from that in such sites as the wet understory localities near the summit of Mt. Panie where A. solmsiana Schlechter occurs.
At the ultrastructural level, there is a surprising source of diversity in wood anatomy within Ascarina: the degree of presence of primary wall portions (pit membranes) in the perforations of vessel elements. Expressions of pit membrane presence in Ascarina perforations range from virtual absence (as would be expected) to presence of pit membranes much like those in end wall pitting of tracheids of vesselless dicotyledons. Meylan and Butterfield (1978) figured "microfibrillar webs" (nearly intact pit membranes) in pits transitional to perforations at the end wall-lateral wall juncture of vessel elements of Ascarina Iucida. Pit membranes in pits transitional between the two walls are not unexpected, but Ascarina proves characteristically to have primary wall fragments throughout perforations of a perforation plate. Such fragments were figured earlier for A. rubricaulis (Carlquist 1988) . Many more variations in primary wall presence in perforations are reported in the present paper. Where primary walls are present most extensively in perforations, the vessel elements are notably tracheidlike. Because such perforation plates demonstrate the nature of the transition between tracheids and vessel elements, Ascarina wood is of exceptional interest. The primitive nature of wood ofChloranthaceae has been noted by such authors as Swamy and Bailey ( 1950) and Metcalfe ( 1987) prior to discovery of this feature. Sarcandra of the Chloranthaceae was once regarded as extraordinarily primitive because its stems are vesselless (Swamy and Bailey, 1950) but the stems are relatively short lived, and vessels do, in fact, occur in roots of Sarcandra (Carlquist 1987) .
Although the woods of Chloranthaceae do contain many aspects deemed primitive for dicotyledons, that does not certify other features of the family as primitive for dicotyledons. Leroy (1983a Leroy ( , 1983b has attempt~d to interpret elongate stamen-bearing structures of Hedyosmum (Chloranthaceae) as strobili like those of gymnosperms rather than catkins characteristic of angiosperms, but Endress (1987) has adequately ntfuted Leroy's contentions. Endress has shown that the flowers of Chloranthaceae represent various types of reduction related to shift into particular modes of pollination; Ascarina is anemophilous according to Endress (1987) and this agrees with my field observations. As Endress shows, Leroy's (1983a Leroy's ( , 1983b interpretations create more complexities than they resolve. Chloranthaceae can be regarded as interesting precisely because there is a curious admixture of primitive features in wood and nodal anatomy (Swamy 1953a) together with reductions in floral structures (Swamy 1953a , Endress 1987 ).
MATERIALS AND METHODS
The samples studied were all preserved in dried form. In addition to my collections, wood samples were available from the MAD-SJRw and MADw collections of the Forest Products Laboratory, Madison, Wisconsin, through the courtesy of Regis B. Miller and Donna Christensen. Samples from the Princes Risborough Laboratory (PRFw) were provided by J.D. Brazier, and W. E. Hillis offered specimens from the CSIRO, Highett, Victoria (FPAw). The samples utilized are listed in Table I . Provenances of these specimens are as follows: A. diffusa (SJRw-27993), Viti Levu, Fiji; A. maheshwarii Swamy (MADw-29478) , slopes of Lake Loloru crater, Bougainville, Solomon Islands (Schodde 3699); A. maheshwarii (PRFw-28911) , same as preceding collection, but probably a different portion of the wood; A. phi/ippinensis (FPAw-30135), Sabah, Malaysia; A. philippinensis (MADw-25301) , New Guinea (Kalkman 4908); A. philippinensis (Philippine Bureau of Science 37 32 3, Arnold Arboretum), Luzon, Philippines; A. polystachya (SJRw-25501) , Lake Vaheria, 500 m, Tahiti, Society Islands; A. rubricau/is (Carlquist 743, RSA) , Mt. Mou, New Caledonia; A. rubricaulis (Carlquist 15315, RSA) , Mt. Do, New Caledonia; A. solmsiana (Carlquist 15577, RSA) ; summit of Mt. Panie, New Caledonia; A. solmsiana (Carlquist 15579) , near summit ofMt. Panie, New Caledonia; A. subfalcata J. W. Moore (SJRw-24864), Opoa Mt., Raiatea, Society Islands, J. W. Moore 657; A. swamyana A. C. Smith (Car/quist 15620, RSA), summit ofMt. Tomanivi, Viti Levu, Fiji.
Wood samples were boiled in water and stored in aqueous 50% ethyl alcohol. Sections were prepared on a sliding microtome. Some of these sections were stained in safranin, lightly counterstained with fast green, and made into permanent slides. Other sections of each collection were dried between clean glass slides, coated with gold, and observed with an lSI WB-6 scanning electron microscope. Radial sections were used for this purpose, because perforation plates are best observed on radial sections.
Quantitative features reported in Table 1 are means based on 25 measurements. A single measurement was made for features not easy to quantifY, for which selection of a typical condition was considered adequate: vessel wall thickness, fiber-tracheid diameter, fiber-tracheid wall thickness, and ray cell wall thickness. Fewer than 25 measurements were made where a cell type or structure was relatively infrequent. In some cases, a selective sampling was employed. For example, longer vessel elements and fiber-tracheids tend to be fractured more often than shorter ones in macerations. Therefore, in order not to present biased measurements, cells from assorted length classes were selected for measurement.
Terminology is according to the IA WA Committee on Nomenclature (1964). Terminology for primary wall fragments in perforations is not offered by that source, so simple descriptive terms are used.
ANATOMICAL FEATURES

Growth Rings
Growth rings are absent in most species of Ascarina (Fig. 1, 11 , 21) . A small amount of fluctuation in vessel diameter as seen in transactions may be seen in a few specimens (A. swamyana, Fig. 31 ). Such minor fluctuation in vessel diameter can be seen in Patel's ( 197 5) figure of A. Iucida. He calls the wood diffuse porous, which is an acceptable term for a wood with a small degree of vessel diameter change with respect to seasonal events.
Vessel Elements
Vessels in Ascarina are mostly solitary ( Fig. 1, 11 , 21, 31) . The mean number of vessels per group (Table 1, column 1) ranges from 1.15 (A. diffusa, Fig. 1 ) to 1.52 (A. polystachya). The mean number of vessels per group for the genus as a whole is 1.28. One must note that vessels appear to be paired in instances where one is, in fact, seeing the overlapping ends of superposed vessel elements of a single vessel; where a circular vessel is bisected by a perforation plate as seen in a transection, a single vessel is present.
Vessel density for Ascarina is shown in Table 1 , column 2. Number of vessels per mm 2 ranges from 18 to 102. Vessel density ought to be roughly inversely proportional to vessel diameter, and it is (with deviations from a straight-line relationship in certain collections: compare columns 2 and 3 of Table 1 ). Mean vessel diameter in Ascarina is moderate, and ranges from 46 to 81 Jtm; the mean for the genus as a whole is 64, whereas the mean in dicotyledons as a whole is 94 Jtm (Metcalfe and Chalk 1950) .
Vessels may be restricted to particular portions of the secondary xylem, a phenomenon termed vessel restriction patterns (Carlquist 1988 ). Although the term can apply to various conditions, in Ascarina it can connote the tendency in A. so/msiana (Car/quist 15577) for patches of early secondary xylem to be free of vessels ( Fig. 23 ).
Mean vessel element length (Table 1 , column 4) ranges from 801 to 2340 Jtm in Ascarina. Reliable figures on stem diameters of the xylarium samples used in the present study cannot be offered, so species-by-species comparison between vessel element lengths and sample sizes is not possible. Nevertheless, greater vessel element length can be seen in some specimens for which greater stem diameter is known. The shortest vessel element length reported for the genus here is in A. philippinensis (Philippine Bureau of Science 37 323), a twig specimen taken from an herbarium specimen. The longest vessel elements, by contrast, come from a specimen for which a photocopied herbarium label indicates trunk diameter of 15 em-relatively large for the genus (A. maheshwarii, Schodde 3699). The mean vessel element length for all samples studied is 1790 Jtm, which is close to the figure reported by Patel (1975) for A. Iucida (1840 Jtm). The vessel element length reported by Swamy (1953a) for the genus, 823 Jtm, may represent either juvenile material or an error in calcuation.
Vessel wall thickness in Ascarina is much less than that of fiber-tracheids (Table  1 , column 5), as can be seen in transections ( Fig. 1, 21 , 23, 31). The mean vessel wall thickness for the genus is 2.6 Jtm, which is only a third of the wall thickness of fiber-tracheids (7. 7 Jtm) in the genus (Table 1 , column 8).
The perforation plates of Ascarina are long and scalariform ( Fig. 5 ). Bars are bordered to various degrees, but all are definitely bordered. There is some fluctuation in bar thickness within a sample; one frequently sees fluctuation of this sort in a species with scalariform perforation plates. The scanning electron micrographs do not reveal the bordered nature of the bars well because the photographs are perpendicular to the plates. More oblique angles in photographing, as 14, mean ray cell wall thickness, ~tm. (Fig. 6 , FPAw-30315, Fig. 7-10, MADw-25301 ).-6. Perforation plate portion with primary walls intact, probably because dissolution of pit membranes has been inhibited by presence of varnishlike material which is evident as droplets and agglutinations. -7. Perforations that contain primary walls with nontraumatic micropores of various sizes; rift at left, middle, probably due to mechanical damage.-8. Perforations that illustrate the range of micropore sizes in primary walls; rift above due to mechanical damage.-9. Perforations with primary walls with a moderate number ofmicropores.-I 0. Perforations with a small number ofmicropores, perhaps due to interference of a secondary product deposit. (Fig.,  6 , bracket at top = 10 !Lm ; Fig. 7 -10, bracket at top of Fig. 3.) employed by Meylan and Butterfield (1978, Fig . 168 ) in A. Iucida, show the borders well.
Mean number of bars per perforation plate (Table 1 , column 6) is from 65 to 165. The greatest number observed was 222 (A. maheshwarii, PRFw-28911) . The range in bar number reported by Patel (1975) for A. Iucida was 80-210. One notes with interest that the mean number of bars per perforation plate for all specimens studied here is 115. Number of bars seems clearly related to length of vessel elements, which in tum is related to ontogeny. Had only wood samples from the periphery of older stems been studied, the mean number of bars per perforation plate might have approached 200. Very few, if any, other dicotyledon genera with scalariform perforation plates have so many bars per perforation plate; only a few genera (mostly with one or two species), such as Aextoxicon or Euptelea, have comparable plates.
Lateral wall pitting of vessels in Ascarina is predominantly scalariform on vessel-to-vessel interfaces, scalariform to opposite on vessel-to-ray contacts (Fig.  12) , and sparse (but often composed of horizontally elongate pits) on vessel-toaxial parenchyma and vessel-to-fiber-tracheid contacts.
Primary Wall Presence in Perforations
Special attention is given to this phenomenon because of the inherent interest with regard to the phylogenetic transition between tracheids and vessel elements, as mentioned in the Introduction. Perforations containing various degrees of primary wall (pit membrane) presence are illustrated here in Figures 3, 4 , 6-10, 19, 20, and 26-30. These primary wall portions have sometimes been mentioned as occurring where perforations grade into lateral wall pitting, as described by Meylan and Butterfield (1978) for A.lucida. However, in surveyingAscarina wood, I discovered that remnants of primary wall material in perforations are more widespread than one would expect on the basis of such descriptions; they can be found throughout a perforation plate, and to varying degrees depending on the species of Ascarina.
In describing these instances, one must first deal with apparent inhibition of perforation plate removal by enzymatic action on account of apparent chemical overlay. In Figures 3 and 6 , one sees not only presence of primary walls in perforations, one also sees overlay of walls with a vamishlike substance. If one examines such sections with a light microscope, one sees a yellowish or brownish color in these deposits where they are more massive. A logical explanation for these appearances is that prior to death of the protoplast in the vessel element, deposition ofthe vamishlike substances had occurred, so that enzymatic removal of the pit membranes in the perforations was prevented. Depositions of this material can mimic vesturing when seen under the scanning electron microscope. Bailey (1933) , Wheeler (1981) and Gale (1982) warn against interpretation of relief due to deposition of secondary plant products as vesturing. On this account, I believe that the report by Ohtani et al. (1983) of vesturing in vessel walls of Ascarina should be discounted as a probable instance of secondary plant product deposition.
If one removes instances in which deposits may have hindered dissolution of primary walls in perforations, one still sees a number of instances in which pit membranes remain in perforations of mature vessel elements. In A. maheshwarii Fig. 13 ; multiseriate rays are notably wide. (Fig. 11 , 13 , 14, scale above Fig. 1; Fig. 12 Fig. 4) , primary wall portions containing micropores occur at ends of perforations throughout perforation plates. In A. philippinensis (Fig. 7-10) , primary walls in which micropores of various sizes occur are characteristically retained in perforations. The micropores may be large (Fig. 7, 9) or small (Fig. 10) . In the latter instance, micropores might have failed to form because of some type of inhibition. In the remaining species of Ascarina studied here, one tends to find appearances like that illustrated for A. rubricaulis in Figure 19 (see also Carlquist 1988, Fig. 3.7 .2), A. polystachya (Fig. 20), and A. solmsiana (Fig. 26-28 ). In these examples, perforations are open, but strands or fragments of primary wall material are frequent.
Relatively uncommonly, one can see in species of Ascarina other than A. maheshwarii occasional perforation plates with relatively intact primary walls in perforations and no associated deposition of secondary plant products (Fig. 29, 30) . Rifts in these plates may be caused secondarily as the result of drying and wetting during preparation or as the result of mechanical stress during sectioning. Micropores can be observed in primary walls in these perforations.
Imperforate Tracheary Elements
The imperforate tracheary elements of Ascarina can mostly be termed fibertracheids according to the definitions ofthe IAWA Committee on Nomenclature (1964) . Pit cavity diameter in the fiber-tracheids of Ascarina is large, ranging from 5 to 7 ~m, mostly the latter. Pit cavity diameter tends to be greater on fibertracheid-to-ray contacts than on fiber-tracheid interfaces. These pits are illustrated here in sectional view in Figure 15 , and in face view in Figures 16 and 25 . The sparseness of pits in Figure 16 characterizes fiber-tracheids in most species. This sparseness of pits connotes a nonconductive status for the fiber-tracheids of Chloranthaceae (for a discussion, see Carlquist 1984) . Septa were observed in fibertracheids of two species, A. diffusa and A. rubricaulis (Fig. 17) ; septa in fibertracheids is yet another evidence of their nonconductive nature. Only in A. solmsiana are pits densely placed enough on the imperforate tracheary elements so that one might designate these as tracheids (Fig. 25) .
Fiber-tracheid diameter is given for the collections studied in Table 1 , column 7. One sees that mean diameter ranges from 23 to 48 ~m. The narrowest fibertracheids characterize the collections for which twig material rather than mature stem material was available, as for A. philippinensis (Philippine Bureau of Science 37323).
Fiber-tracheid length (Table 1, column 8) parallels vessel element length. The comments above on vessel element length apply here. The longest fiber-tracheids tend to characterize the largest wood samples, although correlations are not without exception.
Thickness of walls in fiber-tracheids is not related to length. The thickness of walls in fiber-tracheids is greater in A. diffusa (Fig. 1) , A. rubricaulis (Fig. 11, 15 ), and A. swamyana, and is somewhat to markedly less in the other species (Table 1, column 9).
Axial Parenchyma
Axial parenchyma of Ascarina is characterized by both Patel ( 197 5) and Meylan and Butterfield (1978) as including diffuse, diffuse-in-aggregates, and vasicentric (Fig. 21 , 22 , 24, scale above Fig. I; Fig. 23, scale (Fig. 25 , scale above Fig. 15; Fig. 26, 28 , bracket at top of Fig. 3; Fig. 27 , bracket at top of Fig.   6 .) scanty. There is no question that throughout the species studied here, axial parenchyma is basically diffuse in distribution, as seen in transection (Fig. 1, 11, 21, 31) . Tangentially oriented pairs of axial parenchyma cells occur occasionally, so that if such pairs qualify as diffuse-in-aggregates, that type may be said to occur, but certainly to a limited extent. The situation with respect to vasicentric scanty parenchyma is not so clear. By virtue of a random distribution throughout the wood, a small proportion of axial parenchyma would naturally be in contact with vessels. If that proportion is exceeded, certainly vasicentric parenchyma can be said to exist. Examination oftransections with respect to deviations from random distribution of parenchyma is a subjective matter; my observations lead me to conclude that parenchyma adjacent to vessels is only a little, if at all, more common that what one would expect on the basis of random distribution. Metcalfe (1987) does not mention vasicentric parenchyma as present in Ascarina.
Apotracheal banded parenchyma occurs in only A. swamyana (Fig. 31 ) . These bands are not clearly defined, but several may be seen in Figure 31 , some intergrading with diffuse-in-aggregates.
The number of cells per strand in axial parenchyma averages nine in the Ascarina species studied, with a range from seven (A. solmsiana) to 11 (A. maheshwarii). Axial parenchyma cells have lignified walls chiefly 2-3 Jtm thick and pits are simple (on the parenchyma side).
Rays
Multiseriate rays outnumber uniseriate rays in Ascarina (Fig. 2, 14, 32) . Exceptions can be found only in early stages of development, as in earlier-formed secondary xylem of A. rubricaulis (Fig. 13) or A. solmsiana (Fig. 22) .
Histology of the multiseriate rays of Ascarina is summarized in Table 1 , column 10. The upright cells are present as uniseriate wings on multiseriate rays and as occasional sheath cells on multiseriate portions of multiseriate rays; uniseriate rays are composed wholly of upright cells (Fig. 2, 13 , 14, 22, 32) . This ray histology corresponds to the Heterogeneous Type I ofKribs (1935) . Upright cells are more abundant in multiseriate rays of some collections, comprising the bulk of the multiseriate portions of multiseriate rays (Fig. 12, 24) ; these collections, which are designated by the formula Usp, or even Us (procumbent cells very rare or absent in the latter), represent smaller stems. Over time, the cambium contains more numerous ray initials that are vertically short, and thus abundance of procumbent cells increases slowly over time (Barghoom 1941) .
Multiseriate ray width is claimed by Barghoom (1941) to increase with time. A visual confirmation ofthis is offered by comparison of Figures 13 and 14 . The quantitative data of Table 1 , column 11 also tend to confirm this ontogenetic trend, for the widest rays are, in general, in the collections for which wood samples from larger stems were available. Greater length of vessel elements and fibertracheids ought to be correlated with greater ray width, and this is, in general, true. Tall multiseriate rays tend to occur in samples from larger stems (Table 1 , column 12). However, the wood sample A. philippinensis (Philippine Bureau of Sciences 37 323) has quite tall rays, suggesting that breakup of tall rays may occur as increase in stem diameter proceeds. Height ofuniseriate rays (Table 1 , column 13) is interesting because it seems rather uniform in the genus and shows no clearly discernible trends. -29. A. so/msiana (Car/quist 15577) , SEM photograph of perforation plate from radial section, showing flakelike remnants of pit membranes occluding perforations.-30. A. subfa/cata (SJRw-24864) , SEM photograph of perforation plate; pit membranes have a few pores, occlude most perforations (rifts may represent mechanical damage during processing). -31-32. A. swamyana (Car/quist 15620) .-31. Transection; inconspicuous apotracheal parenchyma bands (arrows) are present in top half.-32. Tangential section; multiseriate rays shown lack wings. (Fig. 29, 30 , bracket at top of Fig. 6; Fig. 31 , 32, scale above Fig. 1.) Ray cell wall thickness is not uniform in the genus (Table 1, column 14) . Notably thick ray cell walls are reported for one collection of A. rubricaulis. Bordered pits are common on tangentially oriented ray cell walls of Ascarina (Fig. 18) . Bordered pits were observed to be uncommon on tangentially oriented walls of ray cells only in A. diffusa, A. philippinensis (both collections), A. rubricaulis (Carlquist 15 315) , and A. swamyana. Bordered pits on horizontally oriented ray cell walls were commonly observed only for A. polystachya and A. solmsiana, but even in these species, simple pits predominate on horizontal ray cell walls. Note should be taken that borders on ray cells should be observed in sectional view in radial sections. Borders on ray cell walls are common in dicotyledons, but are not often reported, probably because they have not been studied in sectional view. Sectional views of pits in ray cells are best seen in radial sections.
Other Wood Features
Cell contents of ray cells of Ascarina consist of droplets or massive accumulations of dark-staining compounds (Fig. 12, 18 ). These deposits are common throughout the genus except in A. solmsiana (Fig. 24) , where only an occasional ray cell contains these materials. Deposits of this nature are less common in axial parenchyma than in ray cells of Ascarina. No crystals or silica bodies were observed in ray cells or axial parenchyma. Wood of Ascarina is nonstoried.
CONCLUSIONS
Ecology
The wood of Ascarina is clearly mesomorphic, notably devoid of any adaptation that would confer conductive safety. If one computes the Mesomorphy ratio (vessel diameter times vessel element length divided by vessel density) for Ascarina as a whole, one obtains the figure 2338. Higher Mesomorphy figures are found only in trees ofwet forests that are warm at least part of the year. Species with those higher Mesomorphy figures (which are due in large part to larger vessel diameter) would be expected to have greater transpiration rates than Ascarina, which characteristically occurs in cool cloud forest, often in understory locations.
If computed for collections individually, the lowest Mesomorphy figure for the genus (361) would occur in the collection Philippine Bureau of Science 37323 of A. philippinensis. This reflects the tendency, common throughout dicotyledons but not often noted, for vessels to increase in diameter as stems increase in diameter. Production of progressively larger vessels corresponds to the ability of plants to tap deeper soil levels as they grow larger and to transpire greater volumes of water as they approach and reach canopy levels. The absence of vessels in patches early in ontogeny in the secondary xylem of A. solmsiana may be merely a chance occurrence, but it could relate to the presence in this species of imperforate tracheary elements that are tracheids capable of conduction. Figures by Thierry (1912) for stems of A. polystachya show secondary xylem apparently devoid of vessels for three growth rings. Thierry does figure vessels in A. lanceolata. Thierry's figures for A. polystachya may be in error, but if they are valid, the occurrence of a secondary xylem consisting of imperforate tracheary elements without vessel elements for several years may be like the patchy occurrence of vessels in earlier secondary xylem of A. solmsiana. It also recalls Sarcandra, in which the stems-which are of finite duration-are vesselless (Swamy and Bailey 1950; Carlquist 1987) , although older roots do have vessels (Carlquist 1987) .
The occurrence in Ascarina of scalariform perforation plates with large numbers of bars has been regarded not merely as a primitive feature, but one that correlates with mesic ecology in dicotyledons as a whole (Carlquist 1975) . The remnants of primary walls in perforations, to the extent they are present in Ascarina, represent potential obstructions to conduction tolerable because conductive rates are probably low.
Ontogeny
The wood samples of Ascarina are of various ages and sizes. Comparisons of quantitative features with respect to these factors demonstrate that vessel elements and fiber-tracheids increase in length as stems increase in diameter. This is the normal progression for woody plants, as shown by curves such as those first presented by Bailey and Tupper ( 1918) . Vessels increase in diameter, as mentioned in the preceding section, and fiber-tracheids increase in diameter with increase in stem diameter. Multiseriate rays increase in width during stem growth; uniseriate rays decrease in frequency. In all of these respects, Ascarina corresponds with observations made in a wide range of woody dicotyledons.
Phylogeny and Systematic Relationships
The wood of Chloranthaceae is proclaimed to be unspecialized by Metcalfe (1987) . I agree with this assessment. The discovery that pit membrane remnants occur in perforations of Ascarina vessels adds yet another feature to the constellation of primitive characteristics of Ascarina wood. If one computes a ratio between length of imperforate tracheary elements and length of vessel elements ("F/V ratio") for Ascarina as a whole, one obtains the figure 1.21; the range in the collections studied here is from 1.10 to 1.44. A F/V ratio of less than 1.10 would indicate a higher degree of primitiveness, but such ratios below 1.10 are extremely few, even in the most primitive dicotyledon woods. The fact that the ratio rises above 1.30 in Ascarina may be related to the fact that imperforate tracheary elements are a nonconductive system (or nearly so), with sparsely disposed bordered pits, and are thus fiber-tracheids rather than tracheids. The presence of septa in fiber-tracheids of A. diffusa and A. rubricaulis indicates a nonconductive nature. The vessel features, axial parenchyma configurations, and ray histology of Ascarina all qualify as maximally primitive according to the criteria ofFrost (1930) and Kribs (1935 Kribs ( , 1937 .
There is little difference among the species with respect to wood anatomy. Septate fibers were found only in A. diffusa and A. rubricaulis, but this does not seem an important feature. The tracheidlike imperforate tracheary elements and paucity of deposits ofvamishlike substances inA. solmsiana may represent somewhat more distinctive features. Banded apotracheal parenchyma is apparently restricted to A. swamyana.
As for implications of data from wood anatomy concerning distinctions among the genera of the family and with respect to phylogenetic relationships of Chloranthaceae, comments are best deferred until further studies are completed. Monographs on wood anatomy of Hedyosmum and Chloranthus are planned.
